academic]Journals

Vol. 9(30), pp. 2339-2344, 24 July, 2014

DOI: 10.5897/AJAR2014.8841

Article Number: 41EACOF46247

ISSN 1991-637X

Copyright © 2014

Author(s) retain the copyright of this article
http://www.academicjournals.org/AJAR

African Journal of Agricultural
Research

Full Length Research Paper

Wood ash effect on the productive characteristics of
Marandu grass in Cerrado solls

Maria Débora Loiola Bezerra, Edna Maria Bonfim-Silva* and Tonny José Araujo da Silva

Department of Agricultural and Environmental Engineering, Institute of Agricultural Sciences and Technology, Federal
University of Mato Grosso, Brazil.

Received 12 May, 2014; Accepted 26 June, 2014

The nutrient dynamics in soils are directly influenced by fertilizer application. Wood ash is an
alternative fertilizer and soil corrective that provides enhanced fertility and increased crop production.
This study aimed to evaluate the productive characteristics of Marandu grass and the functions of
levels of plant ash in two Cerrado soils. The experiment was conducted in a greenhouse with a
completely randomized design in a factorial 2 x 6 plot: two soils (oxisol and ultisol) and six doses of
wood ash (0, 3, 6, 9, 12 and 15 g dm™) were tested in six replicates. The soil samples were collected in
areas: the Cerrado, and wood ash from the ceramics industry was used as a fertilizer. Each
experimental unit consisted of a plastic pot with up to 5 dm?® of soil and 5 plants of Brachiaria brizantha
Marandu grass. Three cuts were made in the shoots at 30 days intervals to evaluate the productive
characteristics, such as the number of leaves, number of tillers, and dry mass of shoot and root. The
wood ash fertilizer influenced the production Marandu grass in the two Cerrado soils (ultisol and oxisol)
and provided the maximum mass production of shoots (third cut), number of leaves (first and second

cuts), number of tillers (first cut) and root mass (third cut) in typic oxisol.
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INTRODUCTION

Wood ash is a solid material that remains after the
complete burning of woody biomass (Coelho and Costa,
2012) and from a heated boiler (Nkana et al., 2002) for
the purpose of energy production. As an alternative to
landfilling, the application of wood ash to soil may
become a promising method of waste removal (Pita,
2009) because of its large-scale production in large urban
centers. The application of plant ash in agriculture is
presented as an important opportunity for returning a
portion of the nutrients removed by crops. The recycling

of ash reduces the need for commercial fertilizers and
contributes to the reduction soil of acidification and
increase of the supply of calcium (Zimmerman and Frey,
2002).

The elemental composition of ash is determined mainly
by the quality of the incinerated material (Augusto et al.,
2008). Some studies have shown that gray woody
biomass is an alkalizing soil corrective (Osaki and Darolt,
1991; Cabral et al., 2008; Ferreira et al., 2012) and an
important source of nutrients, such as phosphorus,
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potassium, magnesium, and calcium (Nieminen et al.,
2005; Lima et al., 2006; Sofiatti et al., 2007) .

The dynamics of nutrients in the soil are influenced by
the incorporation of wood ash (Ferreira, 2012) because of
its high alkalinity (Loué, 1978), which is shown by the
neutralization of available aluminum (A**) soil. Lima et al.
(2009) suggested that wood ash has a greater capacity to
increase the soil pH compared to cattle manure and can
provide increased levels of phosphorus, potassium and
magnesium (Obernberger et al., 1997).

Soils of the Cerrado biome are generally low in
available nutrients, and wood ash can be an interesting
alternative to improving fertility because it contributes
directly to crop production. The pastures usually contain
crops with tolerance to acid soils of low fertility.

However, the absence of corrections and fertilization of
the soil cannot be justified in pastures; these
management practices are necessary because soil
fertility greatly limits the crops’ ability to achieve
maximum productivity.

To use wood ash as a fertilizer, certain criteria must be
met, such as attaining knowledge in the area of soil
science, especially in relation to its effects on soils of
different classes. The application of wood ash can reduce
the use of mineral fertilizers and, consequently,
production costs, and it promotes the safe disposal of
wood ash in the environment (Bonfim-Silva et al., 2014).
Thus, considering the beneficial use of wood ash as a
soil fertilizer, this study aimed to evaluate the productive
characteristics of Marandu grass cultivated in two classes
of Cerrado soils when fertilized with wood ash.

MATERIALS AND METHODS

The experiment was conducted in a greenhouse during the period
from December, 2012 to May, 2013 in Rondondpolis City, Mato
Grosso States (MT), Brazil. The forage grass Brachiaria Brizantha
was used as the Marandu grass grown in pots with a capacity of 5
dm? of soil. The experimental design was completely randomized in
a 2 x 6 factorial design, with two Cerrado soils (oxisol and ultisol)
and six doses of wood ash (0, 3, 6, 9, 12 and 15 g dm™) in six
replicates. The two soils were collected at the 0 to 20 m layer in an
area under Cerrado vegetation in the region of Rondonépolis City,
and chemical and textural characterizations were performed
according to EMBRAPA (1997).

The oxisol had the following chemical and textural
characteristics: pH in CaCl, = 4.1; M.O. = 19.7 g dm™ P = 1.1 mg
dm™; K = 47.0 mg dm™®; Ca = 0.2 cmolc dm™®; Mg = 0.1 cmolc dm™®;
Al = 1.0 cmolc dm™; H = 4.7 cmolc dm™; CTC = 6.1 cmolc dm®; v =
6.9% m = 70.4%. In addition, the oxisol had the following physical
chairacteristics: sand = 575 g kg™; clay = 375 g kg™ and silt =50 g
kg™.

However, the ultisol presented the following chemical and
textural characteristics: pH in CaCl, = 4.9; M.O. = 6.2 g dm?3 P =
4.8 mg dm® K = 25.0 mg dm™ Ca = 1.0 cmolc dm™®, Mg = 0.6
cmolc dm™; Al = 0.1 cmolc dm®; H = 1.5 cmolc dm™; CTC = 3.3
cmolc dm™®; V = 50.9% and m = 5.7%. In addition, the ultisol had
the following physical characteristics: sand = 830 g kg™; clay = 120
g kg and silt =50 g kg™

The wood ash used in this study was derived from the region
Rondonopolis, MT ceramic industry, and itis characterized as

fertilizer (Darolt et al, 1993) with the following chemical
characteristics: pH in CaCl, = 7.85; N = 0.17%; P,0Os (neutral
ammonium citrate + water) = 1.42%; K,O = 0,32%; Zn = 0.00%; Cu
= 0.01%; Mn (CNA + water) = 0.00; Ca = 0.90% and S = 1.60%.

Both soils were incubated with wood ash for a period of 30 days.
The powdered wood ash had soil amendments; thus, the soils did
not have to be limed.

After the incubation period, 15 seeds of Marandu grass were
sown, and after the plants reached an average height of 10 cm
(which occurred at 12 days after sowing), the plants were thinned to
five plants per pots and treated with nitrogen fertilization. Plants
were fertilized after thinning and after each cut was performed with
nitrogen (source: urea) at 200 mg dm™. Nitrogen fertilization was
performed in all of the experimental units, and soil moisture was
maintained at 80% of the gravimetric maximum water retention in
the soil during the driving period of the experiment.

The interval between the Marandu grass cuts (three total) was 30
days, and after each cut, an assessment was made of the dry mass
of shoots and roots (only on the third cut), number of leaves and
number of tillers. The plant material was collected at each cut, dried
in an oven with forced air circulation at 65 for 72°C h until a
constant weight, and after drying, it was weighed on a balance
scale to determine the mass.

Data were subjected to an analysis of variance by F-test, and for
significant results, the qualitative factors for soil type were
submitted to Tukey's test and quantitative factors for the dose of
wood ash were submitted to a regression analysis, both at a 5%
probability using the statistical program Sisvar (Ferreira, 2008).

RESULTS AND DISCUSSION

The application of wood ash as a fertilizer to the two
classes of soils provided increments of productive
characteristics of the Marandu grass with and interaction
effects at the first and second cuts of the forage grass. At
the third cut, there was an isolated effect, with an
increased dry mass of shoots observed in the ultisol
(Table 1).

In the first cut of the forage grass, the dry mass of the
shoots was adjusted by a linear regression model for
ultisol and oxisol, and an increase was found of 81.49
and 69.43%, respectively, when comparing the highest
dose of wood ash (15 g dm®) to the treatment without
fertilization with wood ash (Figure 1A).

In the second cut of the Marandu grass, there was
interaction between the doses of wood ash and soil types
in the dry mass of shoots. The oxisol was adjusted by a
linear regression model, and an increase was found of
21.61% when the higher dose of wood ash (15 g dm™)
was compared to the treatment without fertilization with
wood ash. The forage grass grown in ultisol had a
minimal production of dry mass of shoots in the wood ash
dose of 7.06 g dm™ (Figure 1B).

In the third evaluation, there were no significant
differences in dry mass of the aerial parts of the Marandu
grass grown ultisol. For the oxisol, the dry mass of the
shoots was fit with a quadratic regression model, and the
mass production of shoots was 6.15 g pot™ at a wood ash
dose of 11.80 g dm™ (Figure 1C).

In both soils, there was a differential effect of wood ash
in the production of dry mass, so at the first cut of the



Table 1. Isolated effect of soil on the dry mass of shoots (DMS)
the of Marandu grass, the third cut fertilized with vegetable ash (g
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DMS g cinza™).

Soils
Oxisol
Ultisol
CV%

Dry mass of shoots
5.10°
6.22°
25.29

Means followed by the same letter in the line do not differ by Tukey’'s
test at a 5% probability. CV% = Coefficient of variation.
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Figure 1. Dry mass of shott of Marandu grass subjected to doses of wood ash in oxisol and ultisol soil: the first (A) and second (B)
cuts, and Oxisol in the third cut (C). , and represent 5, 1 and 0.1% probability, respectively.

grass, the linear fit of this variable revealed that even
when grown in different soils, the forage grass was not
distinguished in its responses to fertilization with wood
ash. The fit by the linear regression model can be
justified by the need to prioritize the forage grass root
development in the establishment phase, which allocated
the forage grass assimilates to the roots of plants.
However, at the second cut, the fit to a quadratic
regression model of the dry mass of shotts of the forage
grass that was observed in ultisol may have shown an

effect of the wood ash in the availability of nutrients in the
soil, which would reflect the inherent characteristics of
each soil in the ability to react with this residue. It is
noteworthy that the oxisol soil showed an increased
fertility during the characterization.

In the third section, the quadratic fit of the mass of
shoots of the Marandu grass grown in oxisol may have
been related to the residual effect of fertilization by the
wood ash because there was no reapplication of this
residue in the treatments. Thus, the mass production of
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Figure 2. Number leaves in Marandu grass subjected to doses of wood ash in Oxisol and Ultisol soils at the first (A), second (B) and
third (C) cuts. , and  represent 5, 1 and 0.1% probability, respectively.

shoots in the Marandu grass ultisol was not significant,
which indicates that mass production likely tended to
stabilize, so no significant differences were found.

Research conducted with the wood ash in the Cerrado
oxisol soil showed that Marandu grass did not reach the
maximum mass production of its shoot because of the
low presence of minerals in the chemical composition of
the ash wood (Bonfim-Silva et al., 2013). The mineral
nutrients present in the plant ash directly influenced the
production of the plant.

Santos (2012) studied the Marandu grass fertilization
with wood ash in Cerrado oxisol and set the observed
guadratic regression model according to the dry mass of
the shoots fertilized with wood ash, which emphasized
that the wood ash had concentrations of nutrients that
could satisfy the nutritional demand of the crop.

In the present study, the Marandu grass grown in ultisol
produced 13.87 g pot' of shoot mass, which was
consistent with the results of Abreu and Monteiro (1999),
Maciel et al. (2007) and Cabral (2011), who used mineral
fertilizers; however, it is evident that the use of wood ash
as a soil fertilizer improves soil fertility by increasing the
production of this forage grass.

At the first cut, leaf production was adjusted to a

guadratic regression model for the Marandu grass grown
in field experiments, and the highest number of leaves
(71.49) occurred at a wood ash dose of 15.33 g dm’.
However, when the Marandu grass was grown on ultisol,
the number of leaves was adjusted to a linear regression
model and showed an increase of 34.0% in the number
of leaves when the dose at 15 g dm™ was compared to a
treatment without fertilization with wood ash (Figure 2A).

The number of leaves of forage grass at the second cut
was fit to a quadratic regression model, and the largest
number of leaves of grass grown in the field experiment
was 53.16 leaves in the wood ash treatment with a dose
of 9 ¢ dm™®. The lowest number of leaves (52.27) of
Marandu grass grown in ultisol was obtained at a wood
ash dose of 2.25 g dm™ (Figure 2B).

The production of Marandu grass leaves at the third cut
was adjusted by a linear regression model for the oxisol
and ultisol soils, and it showed an increment of 65.73 and
51.38%, respectively, at the highest dose of wood ash
compared to the treatment without fertilization by wood
ash (Figure 2C).

This study confirms the results by Bonfim-Silva et al.
(2011), who applied doses of wood ash to Marandu grass
in oxisol and observed an increase in the number of
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Figure 4. Dry mass root of Marandu grass subjected to doses of
wood ash in oxisol and ultisol soils. ** and *** represent 1 and 0.1%
probability, respectively.

leaves at the first and second cuts. Similarly, Santos
(2012) studied the effect of wood ash in two cultivars of
B. brizantha and noted that the production of Marandu
grass leaves was positively influenced, which confirms
the importance of using this waste as a fertilizer.

For the production of tillers, there was no significant
effect at the first cut of Marandu grass. At the second cut,
the maximum production of tillers set by the quadratic
regression model when %rown on oxisol was 20.24 tillers
at a dose of 12.84 g dm™ wood ash. Ultisol was adjusted
by a linear regression model, and there was an increase
of 29.99 and 53.66% at the first and second cuts,
respective, when the highest dose of wood ash was
compared to the treatment without wood ash (Figure 3A
and B).

It was observed that at the second cut of the Marandu

grass, the highest dose of wood ash applied to the ultisol
soil was similar to the production at an equivalent amount
of mineral fertilizer (nitrogen and sulfur) in the tiller of
Marandu grass studied by Batista and Monteiro (2006).
Thus, we emphasize the potential use of wood ash
fertilization on forage grass.

Bonfim-Silva et al. (2011) observed linear effects in the
number of tillers of the first two Marandu grass intervals,
which had 2.5 to 2.0-fold increases, respectively, at
higher doses of wood ash (3.37 g dm reapplied every
cut forage) compared to the control. According to Santos
(2012), the use of wood ash as a fertilizer was also
shown to produce significant number of tillers of Marandu
grass in Cerrado oxisol soil.

The dry mass root of Marandu grass was set by the
guadratic regression model at the minimal production
amount observed in the wood ash treatment at a dose of
4.12 g dm® in ultisol. Moreover we observed a higher
productlon of 15.94 g pot™ at a wood ash dose of 10.65 g
dm when the grass was grown in oxisol (Figure 4).

When the Marandu grass is grown on typic oxisol, it
produces a higher root dry mass than when grown in
ultisol. Considering that the soil fertility of the oxisol had a
higher nutrient limitation, the nutrients provided through
the application of wood ash improved the relative
proportion of these nutrients in the soil, which was shown
by the maximum root production, demonstrating the
importance of using this residue, especially in soils of low
fertility.

Bonfim-Silva et al. (2013) observed a maximum
production of roots in Marandu grass at 21.03 g pot™
the oxisol fertilized with a wood ash dose of 3.29 g dm
It is noteworthy that these authors reapplied doses of
wood ash to the surface after the first cut. Santos (2012)
observed that the production of this grass root was 60.96
g pot™ at a wood ash dose of 15 g dm™.

The application of the wood ash residue thus increases
the production potential of oxisols because the wood



2344 Afr. J. Agric. Res.

ash promotes the rapid release of nutrients and there is a
subsequent increase in soil fertility (Guariz et al., 2009).

Conclusions

Wood ash as a fertilizer influences the productive
characteristics of Marandu grass in Cerrado soils. In the
oxisol soils, Marandu grass presents its maximum
production of the dry mass of shoots, number of leaves,
number of tillers and root mass in doses of wood ash of
11.80, 9.0, 12.84 and 10.65 g dm™, respectively.

In ultisol, a linear fit and minimal production were
observed for the productive characteristics of Marandu
grass; however, the dry mass of the shoots did not differ
between the two soil types.
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